ABSTRACT The length of a segment of DNA associated with the human insulin gene, which has been localized to the short arm of chromosome 11, is heterozygous in 63% of 52 individuals analyzed. This polymorphic region is approximately 500 base pairs from the nucleotide encoding the 5' end of insulin mRNA. The polymorphism appears to be due to an insertion or deletion of DNA sequences so that DNA fragments of different length are generated when DNA from a heterozygous individual is digested with selected restriction endonucleases.
form and appear to be primarily oftwo classes: 0-600 and 1600-2200 hp. As a consequence ofthis length heterogeneity, the two parental insulin genes can be distinguished in 63% of the individdals examined. The physiological consequences of this length instability are unknown, but the observation demonstrates that substantial differences in length as well as less dramatic differences in nucleotide sequence can identify chromosome homologues.
An indication of the DNA sequence variation among individual humans is emerging from studies of the structure of allelic segments of chromosomes (1) (2) (3) (4) (5) . A comparison of the nucleotide sequence oftwo allelic human insulin genes [INS, chromosome 11 (6, 7) ] that included coding, intervening, and 5' and 3' flanking sequences indicated that only 4/1725 (0.23%) of the nucleotides varied (4) . Two ofthese differences were in the region encoding the 3' untranslated portion of the mRNA, and the others were within the two intervening sequences. A similar analysis of the coding and intervening sequences of two alleles of the embryonic /-globin gene, VA, demonstrated 15 single base changes and 3 gaps of4, 4, and 18 base pairs (bp) in a segment of 1482 bp (1.0-1.2% variation) (5) . With the exception ofa base substitution in the region encoding the 5' untranslated portion of the mRNA, the allelic differences were within the intervening sequences. Jeffreys (1) analyzed the entire (3globin gene region [NAG, chromosome 11 (8) ] of60 individuals by restriction endonuclease digestion and hybridization techniques and estimated that 1% of the nucleotides in this region varied between individuals. In these studies, no nucleotide differences were observed in those gene regions that encode protein sequences. Thus, comparisons of DNA sequence variation of two different chromosomal segments, insulin and yA-globin, have revealed that the sequences ofthe alleles are similar, that most ofthe variability is a consequence ofbase substitutions, and that the amount ofsequence variation is not constant and varies from one gene to another. In addition, Wyman and White (9) have recently described a highly polymorphic locus not associated with any particular gene. Their analysis indicated that the polymorphism in restriction fragment length was a consequence of DNA rearrangement.
In our continuing analysis of the human insulin gene region of chromosome 11 , we have examined the insulin gene and flanking regions of 52 unrelated individuals. In contrast to the small differences between allelic DNA segments described above, we have observed a region of length heterogeneity located approximately 500 bp before the start of insulin mRNA synthesis. The sizes of the insertions in this region are not uni-MATERIALS AND METHODS DNA Preparation. Human DNA was isolated from lymphocyte nuclei by using a procedure obtained from L. Kunkel (10) . Ten milliliters ofblood collected in a heparinized tube and then kept at 40C was mixed with 90 ml of 0.32 M sucrose/10 mM TrisHCl (pH 7.5)/5 mM MgCl2/1% Triton X-100 at 40C to lyse all cells. The nuclei were collected by centrifugation at 1000 X g for 10 min. The nuclear pellet was suspended in 4.5 ml of 0.075 M NaCl/0.024 M EDTA (pH 8.0) with a Pasteur pipette.
Then 0.5 ml of 5% sodium dodecyl sulfate and proteinase K at 2 mg/ml were added and the mixture was incubated for approximately 12 hr at 37°C. The digest was gently mixed with 5 ml of phenol saturated with 20 mM Tris HCl (pH 8.0). Five milliliters of chloroform/isoamyt alcohol (24:1, vol/vol) was added and gentle mixing was continued. The phases were separated by centrifugation for 15 min at 1000 X g. The upper, aqueous, phase was removed and gently extracted with the chloroform/isoamyl alcohol mixture. After centrifugation, the aqueous phase was removed; 0.5 ml of3 M sodium acetate and 11 ml of 100% ethanol (at room temperature) were added. The DNA was precipitated by inverting the tube several times and then removed with a Pasteur pipette and placed in 1 ml of 10 mM Tris HCl (pH 7.5)/1 mM EDTA. The DNA was allowed to dissolve for several days at 4°C before being digested with restriction endonucleases. From 10 ml of blood, 200-500 Ag of DNA was obtained. High molecular weight DNA could also be prepared from blood stored several days at 40C.
Analysis of Insulin Gene and Flanking Sequences. Approximately 5 ,g of DNA was digested in a volume of 100 ,ul for 12-20 hr with 5-20 units ofrestriction enzyme. The enzymes were obtained from New England BioLabs and Bethesda Research Laboratories (Rockville, MD) and used according to the manufacturer's specifications. Digestions always contained nuclease-free bovine serum albumin (Bethesda Research Laboratories) at 100 ,g/ml to stabilize enzymes. The digestions were terminated by the addition of 10 ,ul of 3 M sodium acetate and 330 ,ul of 100% ethanol. After 10 min in a dry ice/ethanol bath, the precipitated DNA was collected by centrifugation for 5 min in an Eppendorfmicrocentrifuge (Brinkmann). The DNA pellet Abbreviations: bp, base pairs; kb, kilobase(s); NaCI/Cit, 0.15 M NaCl/ 0.015 M sodium citrate.
The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Fig. 1 ), to the indicated restriction endo-_ 1.6 nuclease digests of DNA prepared from individ- 1.3 uals (indicated by number). As discussed in the text, the Bgl I site at coordinate 1600 ( Fig. 1 Fig. 2A for representative patterns); thus the insulin alleles were indistinguishable in these individuals. However in 19 individuals the two insulin gene alleles were not identical, one was 13 kb, the other 15 kb. In three other individuals, the two EcoRI-generated insulin gene fragments were equivalent in size but larger, 15 kb.
This restriction fragment length heterogeneity could be due to an EcoRI restriction site polymorphism or to a DNA rearrangement (i. e., insertion-deletion) as suggested by the analysis of the cloned alleles. These two possibilities were tested by determining the sizes of the insulin gene alleles obtained after digestion with another restriction endonuclease. If the restriction fragment length polymorphism observed with EcoRI were a consequence of a restriction site polymorphism, it should not be evident on digestion with another enzyme. However, if it were due to a DNA rearrangement it should be observed with other enzymes as well. The restriction fragment length heterogeneity was still present after Bgl I or Sac I digestion (Fig. 2  B and C) , indicating that the length difference observed between the two alleles was due to insertion into or deletion of DNA from the chromosome near the insulin gene. Moreover, the differences in length of allelic DNA segments of each individual examined were similar whether determined by Sac I or Bgl I digestion. However, as discussed below, Bgl I digestion was more sensitive for resolving small differences in DNA fragment length, and it was often possible to distinguish the two allelic DNA segments generated upon Bgl I digestion, even though they may EachBgl Ifragment corresponds to a segment of one of the two chromosomes 11 present per diploid nucleus. A single region of insulin-specific hybridization indicates that the Bgi I fragment from each chromosome is the same size. DNA samples from those individuals grouped together were analyzed on the same agarose gel. The fragment size is the mean of two determinations, and for those fragments of approximately 3 kb, the agreement between determinations was ±50 bp. It is possible to identify the two alleles if they differ by 100 bp-e.g., individual 021. A comparison of the sizes of the BglI fragments of individuals in the group 028-036 with the data in Fig. 2B shows that it is possible to observe small differences in Bgl Ifragment size when two individuals are compared even when the differences are too small to be identified within an individual. Individuals with diabetes mellitus are indicated: IDDM, insulin-dependent diabetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus. All other individuals were normal, with no pronounced family history of diabetes mellitus. The comparison of two cloned insulin alleles localized the region of DNA length polymorphism to the 5' flanking region of the insulin gene, 500 bp from the start of the mRNA (Fig.  1) (3) . Ifthis were the location in other alleles as well, digestion with Bgl II should generate fragments of identical length, 9.5 kb, on hybridization with the insulin gene probe used, because the fragments generated by this enzyme do not include the region of heterogeneous length (Fig. 1) . The digestion with Bgl II of 20 DNA samples, which displayed length heterogeneity after Bgl I digestion, produced a uniquely hybridizing fragment of 9.5 kb (Fig. 2D) . This suggests that location of the polymorphic region is most likely the same (see Fig. 1 ) in all the alleles analyzed.
An analysis of the sizes of the insulin gene fragments produced by Bgl I digestion indicates that they can differ by 150 to 2500 bp (Table 1 ). However, display as a histogram (Fig. 3A) reveals that the distribution offragment sizes is not random but is bimodal, with the largest group being of alleles of 2.9-3.0 ± 0.3 kb and the other of 4.6-4.7 + 0.3 kb. This distribution is confirmed by a similar analysis of the Sac I digests (Fig. 3B) .
We have also analyzed adjacent regions more distant from the insulin gene for restriction fragment length polymorphisms. Hybridization to EcoRI digests of 52 individuals with a probe from coordinates -6000 to -3800 ( Fig. 1 ) indicated a single region of hybridization of 19 kb (Fig. 4A ) and the absence of large rearrangements in this region. Similarly, analysis ofEcoRI digests of the DNA of 39 individuals with a probe from coordinates 10,000 to 11,850 (Fig. 1) revealed a single hybridizing region of 9 kb (Fig. 4B) . Thus in the 42 kb of DNA flanking and including the insulin gene, there appears to be only a single highly polymorphic region.
We have analyzed this length polymorphism in normal and diabetic individuals (Table 1) . This preliminary analysis did not reveal any direct correlation between diabetes mellitus and this polymorphism in normal, insulin-dependent diabetic, or noninsulin-dependent diabetic individuals. DISCUSSION We have identified a highly polymorphic DNA region in the 5' flanking region of the insulin gene that we previously localized to the short arm ofchromosome 11, in the region p13--pter (6, 7) . This polymorphic region lies outside the mRNA coding 11, ). The right-hand column is hybridization of the pBR322 sequences in the probes to the digests of pHi2 described in Fig. 2 . Fig. 2A is an autoradiogram of hybridization to this same filter of DNA homologous to the region -59 to 1600. 
